I N T RO D U C T I O N
The North Chilean part of the central Andes subduction zone (24
• S to 18
• S) has not broken since the 1877 M w 8.6 Iquique megathrust earthquake (Kausel 1986; Comte 1991; Lomnitz 2004) . At these latitudes, the Nazca and South American plates converge at a rate of 67 mm yr −1 (Angermann & Klotz 1999; Kendrick et al. 2003; Vigny et al. 2009) , and assuming full coupling on the plate interface (i.e. slip deficit rate equals the long-term slip rate), approximately 9 m of deformation should have been accumulated there since 1877. The sudden release of this deformation accumulated for more than 140 yr on all the length of the North Chile subduction zone would correspond to a giant earthquake of magnitude close to 9. The background seismicity rate (M w < 7) registered by the USGS catalogue since 1973 is very low on the shallowest part of the slab interface and increases with depth (NEIC catalogue, Fig. 1 ). Considering this apparent lack of both recent low magnitude earthquakes and megathrust events for more than a century, previous studies suggested that this area is a mature seismic gap with high seismic and tsunami hazard (Kelleher 1972; Nishenko 1991) . In addition, the occurrence of recent intermediate magnitude earthquakes at the edges of this area potentially increased the stress on it. The 1995 M w 8.1 Antofagasta earthquake (Ruegg et al. 1996; Delouis et al. 1997; Chlieh et al. 2004; Pritchard & Simons 2006 ) and the 2007 M w 7.7 Tocopilla earthquakes (Delouis et al. 2009; Béjar-Pizarro et al. 2010; Peyrat et al. 2010) occurred South of the North Chilean gap, on both sides of the Mejillones peninsula (Fig. 2) . The Arequipa 2001 M w 8.4 Peru earthquake ruptured North of the gap in the rupture zone of the 1868 megathrust earthquake (Perfettini 2005) , and the 2005, M w 7.7 Tarapacá deep intraslab event affected its central part (Peyrat et al. 2006) .
Nevertheless, the high seismic hazard associated to this gap may be lower than anticipated. First, the rupture zone of the 1877 earthquake is poorly known and this uncertainty makes the estimate of the seismic hazard in this area a real challenge (see discussion section). Secondly, part of the convergence between plates could have been accommodated by aseismic sliding on the interface since 1877, reducing the slip deficit. Therefore, it is important to measure the elastic strain above the subduction zone to quantify the locking degree on the subduction interface. Finally, in this part of the Central Andes, the Altiplano develops, the mountain range widens and the backarc subandean fold-and-thrust belt is an active structure which seems also to accommodate part of the convergence between the Nazca and South American plates reducing by so much the rate of accumulation on the subduction (McQuarrie 2002b; Arriagada et al. 2008) (Fig. 2) . However, whether or not this structure acts as the eastern boundary for an Andean microplate behaving as a rigid block, and to what extent it accommodates part of the total convergence, remain open questions. In North Chile, recent estimates of backarc shortening rate vary from 5 to 15 mm yr −1 depending on the authors (Norabuena et al. 1998; Bevis et al. 2001; Kendrick et al. 2001; Brooks et al. 2003 Brooks et al. , 2011 Khazaradze 2003; Chlieh et al. 2011) . Actually, the long-term backarc shortening rate gradually decreases from North to South (McQuarrie 2002a) . Assessing the seismic hazard on the trench in North Chile requires quantification of the partitioning of the convergence between both structures, since there is a large trade-off between the coupling amount on the subduction interface and the Andean sliver block motion (Chlieh et al. 2011) .
Over the past two decades, international teams installed campaign and continuous Global Positioning System (GPS) networks in the region to measure the interseismic deformation of the upper plate near the subduction zone (Ruegg et al. 1996; Norabuena et al. 1998; Bevis et al. 1999; Klotz et al. 2001; Khazaradze 2003; Chlieh et al. 2004) . Unfortunately, these measurements were affected by several problems: each data set was published in an unknown singular reference frame, hence difficult to combine and the networks were too sparse to give a good resolution of the coupling distribution on the interface and of the sliver motion. Moreover, these measurements contain co-and post-seismic signals induced by several M w > 7 earthquakes in the North Chile area, introducing noise on the interseismic deformation. Recently, Chlieh
Revisiting the North Chile seismic gap segmentation 3 et al. (2011) recombined together several of those old data sets and inverted for spatially varying interseismic coupling in Northern Chile and Southern Peru, but their models still lack resolution in the North Chile area, in particular south of 22
• S. In this study, we present a new geodetic data set as we reinstalled and remeasured a denser benchmark network in North Chile, between 2008 and 2012. Our new horizontal velocity field covers the entire North Chile seismic gap is denser than earlier solutions and depicts the present day interseismic deformation with no coseismic or post-seismic transients. We invert this velocity field for the motion of a rigid Andean sliver and for the coupling distribution on the subduction interface simultaneously. Based on this analysis, we propose an interpretation of the regional coupling distribution in terms of segmentation and mechanical behaviour of the megathrust.
G P S M E A S U R E M E N T S
In 2010, we restored the pre-existent French-Chilean campaign network in North Chile (∼40 markers) (Ruegg et al. 1996) and installed 23 new bedrock-sealed benchmarks with accurate direct antenna centering. We completed this 66 benchmarks network with 16 pre-existent South America Geodynamic Activities (Khazaradze 2003) and 1 Central Andes GPS Project markers. We measured the whole network in 2010 June and 2012 May, and part of it in June 2008 June , 2009 June and 2011 . We also included previous measurements conducted since 2000 where convenient. In our processing, we used data from 28 regional continuous stations: 13 from French-Chilean network, 3 from the IPOC network and 12 from the Caltech network (see Table S3 ). All together, benchmarks were measured at least twice in a 2 yr time span and up to five times in a 12 yr time period in specific areas.
We reduce 24-hr sessions to daily estimates of station positions using the GAMIT software (release 10. 4 King & Bock 2002) , choosing the ionosphere-free combination, and fixing the ambiguities to integer values. We use precise orbits from the International GNSS Service for Geodynamics (IGS, Dow et al. 2009 ). We also take advantage of the IGS tables to describe the phase centres of the antennae. We estimate one tropospheric vertical delay parameter per station every 3 hr. The horizontal components of the calculated relative position vectors are precise with a few millimeters accuracy for all pairs of stations, as estimated by the rms scatter about the mean (so-called baseline repeatability, see Table S1 ).
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We combine daily solutions using the GLOBK software (Herring 2002 ) in a 'regional stabilization' approach. To define a consistent reference frame for all epochs, we include tracking data from a selection of 33 permanent stations in South America, 14 of them belonging to IGS (Beutler et al. 1999a) . Three stations are within or very close to the deformation area, the 30 remaining stations are well distributed over the South American craton in Brazil (RBMC network), Guyana and Argentina (RAMSAC network), and two stations sample the Nazca Plate (see Table S3 ). We combine daily solutions using Helmert transformations to estimate translation, rotation, scale and Earth orientation parameters (polar motion and UT1 rotation). This 'stabilization' procedure defines a reference frame by minimizing, in the least-square sense, the departure from the a priori values determined in the International Terrestrial Reference Frame (ITRF) 2008 (Altamimi et al. 2011) . This procedure estimates the positions and velocities for a set of well-determined stations in and around our study area (KOUR, POVE, CUIB, CHPI, RIO2, BRAZ, BRFT, ISPA). The misfit to these 'stabilization' stations is 2 mm in position (POVE is excluded from this calculation because its position is affected by a strong seasonal signal) and 1.2 mm yr −1 in velocity (see Fig. S3 ).
We obtain an horizontal velocity field in the ITRF2008 that we compute relative to the South American Plate defined by the NNR-Nuvel-1A model (DeMets Gordon 1994) (25.4
• S, 124.6
• W, 0.11
• Myr −1 , see Table S2 and Fig. S3 ). We decide not to use the vertical velocities yet in the modelling, since many new sites are measured only twice, the associated baseline repeatabilities are higher than 3 mm, and GPS accuracy is lower on vertical components for campaign measurements (see Section 1 in the Supporting Information).
DATA D E S C R I P T I O N
In North Chile, the horizontal velocity field relative to the stable South-America craton exhibits an unusual deformation pattern (Fig. 3) . Along the coast, horizontal velocities are roughly parallel to the plate convergence direction, but going inland, there is no clear rotation of the deformation towards a more trench-perpendicular orientation as observed in Central or Southern Chile (e.g. Ruegg et al. 2009; Vigny et al. 2009; Métois et al. 2012) . Additionally, we observe ∼10 mm yr −1 of eastward deformation 300 km away from the trench. Accordingly, the amount of strain ( ) calculated along (Table S2) . To the right, the topography (in km) and the horizontal velocities (in mm yr −1 ) are plotted against the distance to the trench (in km) along four 30 km-width trench-normal profile lines (dotted lines and dashed-dotted rectangles on the map). The black line is the theoretical deformation predicted by the simple first-order model proposed by Chlieh et al. (2004) where the slab dips 20 • and the interface is fully locked down to 40 km depth. The red line is the theoretical deformation predicted by our preferred 3-plate model presented in Fig. 4 . The strain-rate is indicated for each profile (from a to d, calculated from 150 to 250 km).
http://gji.oxfordjournals.org/ Downloaded from four profiles perpendicular to the trench is lower than expected (Fig. 3) . Finally and surprisingly, there is almost no shortening at the latitude of Iquique (∼20
• S). We compare these horizontal velocities to the theoretical deformation generated by the first-order bimodal coupling model proposed by Chlieh et al. (2004) where a ∼20
• dipping slab fully locked from surface to 40 km depth and a transition zone underneath are used. Overall, this model reproduces fairly well the data within the first 200 km from the trench, but mismatches the inland velocities by more than 10 mm yr −1 (Fig. 3 ). This observation supports the hypothesis of a subandean tectonic block that would accommodate part of the convergence by rigid block rotation motion. To evaluate the robustness of this hypothesis, we test the validity of 2-plate and 3-plate models in the following.
M O D E L L I N G S T R AT E G Y
We quantify the coupling coefficient following the method described in Métois et al. (2012) , using the DEFNODE code developed by McCaffrey (2002) based on the Okada (1985) equations and on the backslip hypothesis from Savage (1983) . In all models, we fix the overall convergence between Nazca Plate and South American craton by using the relative pole (55.9
• N, 95.2 Vigny et al. (2009) , as it reconciles both the NNRNuvel1A and ITRF2005 relative poles (see Supporting Information for further discussion). Our GPS measurements do not allow us to invert for the 'best' geometry, since there is a trade-off between the slab dip and the coupling amount on the interface (the larger the dip, the shallower the coupling, see Supporting Information). Thus, we choose to use a simple planar geometry for the slab interface with an homogeneous 20
• dipping slab that reproduces well the observations and is coherent with local geophysical studies (e.g. Patzwahl et al. 1999; Husen et al. 2000; ANCORP Working Group 2003; Peyrat et al. 2010) . We also choose not to use the complex slab geometry proposed by Contreras-Reyes et al. (2012) as it may introduce artifacts due to the abrupt kink in the slab at 30 km depth and does not impact the lateral coupling pattern (see Section 3.4 of Supporting Information). We divide this interface into a regular grid of nodes behaving as point sources (0.2
• along-strike and 27 km across-dip grid-step). We impose an along-strike smoothing coefficient linearly increasing with depth in our inversions to avoid numerical instabilities. We also choose to taper the coupling coefficient to zero for the nodes deeper than 80 km depth in all models, while no tapering is applied in the up-dip direction. Both our 2-plate and 3-plate preferred models are obtained using a smoothing coefficient of 0.7 linearly increasing with depth as it yields the best compromise between smoothing and normalized rms (see Supporting Information). As suggested by McCaffrey (2002) in order to avoid edges effects, we impose similar coupling on the last two columns of nodes on the grid tips. We estimate the sensitivity of our network to the coupling distribution by calculating the sum of the displacements at GPS stations due to unit strike and dip-slip on each node (see Loveless & Meade 2011 and Fig. S7 ) and we conducted several checkerboard tests. Because our network is located far from the trench (more than 90 km), it is little sensitive to coupling at the shallowest nodes (from surface to ∼10 km depth) that are thus unresolved with the exception of the Mejillones peninsula area (see Supporting Information). Furthermore, in the area where we lack measurements (i.e. between 22
• S and 21
• S, and North of 19 • S), the sensitivity to coupling on the interface is decreased. In the Iquique area (∼20
• S), the dense network and the 21-point profile running from the coast to the Altiplano, enable sensitivity to deep coupling (down to 60 km depth).
2-plate models
We first try to match the observations using a simple 2-plate model reproducing the deformation field of South and Central Chile (Métois et al. 2012) . First, we build forward models to test bimodal coupling distribution (with full coupling from surface to a fixed locking depth and zero underneath) with varying locking depth. The 'best' bimodal model is obtained for a 55 km locking depth but the normalized root mean square (nrms i.e. the square of normalized χ 2 ) is high (2.8) and it shows systematically eastward pointing residuals (in the precordillera area) and westward pointing residuals (in the Mejillones peninsula, see Supporting Information). Those first-order models do not reproduce the complexity of the horizontal deformation pattern (Fig. 3) .
Secondly, we invert for varying coupling along-trench and alongdip using different smoothing coefficients and imposing or not a downdip decrease constrain on the coupling coefficient. Our best 2-plate model (nrms 2.04) is obtained with a smoothing coefficient of 0.7 linearly increasing with depth and zero coupling below 80 km depth . It emphasizes the large-scale coupling variations shared by all 2-plate models we built (see Supporting Information). Independently of the smoothing and constraints used, all models systematically predict ∼5 mm yr −1 residuals North of 22
• S at distances greater than 200 km from the trench (see Fig. 4b ). Overall, the 2-plate models can match the observed far-field eastward motion only by using very deep highly coupled patches, that are quite unrealistic (see Supporting Information).
3-plate models
In order to explore the 3-plate hypothesis supported by several field observations (Norabuena et al. 1998; McQuarrie 2002b; Arriagada et al. 2008; Brooks et al. 2011) , we invert simultaneously for coupling variations on the subduction interface and for the rotation pole of a rigid Andean sliver bounded to the East by the subandean foldand-thrust belt (Brooks et al. 2011) and to the west by the Nazca trench (see Fig. 2 ).
Our preferred model has an improved nrms of 1.42. It is obtained using a 0.7 smoothing coefficient increasing with depth and coupling is forced to zero below 80 km depth. Associated residuals show no systematic pattern . In this model, the Andean sliver rotates clockwise around an Eulerian pole located very far away in the South Atlantic ocean (54.5
• S, 37.5
, meaning that its motion is almost an eastward translation of ∼10.9 mm yr −1 with a slight decrease of 2 mm yr −1 from North to South of our network. The shortening amount between the Andean sliver and the South-America craton varies from 10 to 12 mm yr −1 in all alternative models (see Supporting Information). This is consistent with geodetic and geological previous works which concur with (i) a range of shortening between 9 and 13 mm yr −1 (Brooks et al. 2011) and (ii) a decrease of the subandean thrust activity from North to South (McQuarrie 2002a) . The joint inversion of our data and Brooks et al. (2011) far-field data results in a similar sliver motion and coupling distribution (see Fig. S16 ). Furthermore, the small amount of clockwise rotation is coherent with the long-term motion of the region (Arriagada et al. 2000 (Arriagada et al. , 2008 . Therefore, following Norabuena et al. (1998) , Kendrick et al. (2001) and Chlieh et al. (2011) , we conclude that a resolvable Andean block motion occurs in North Chile. The sliver motion is roughly collinear to the large In both cases, coupling is forced to zero for nodes deeper than 80 km depth. The smoothing coefficient and the normalized rms are indicated in the left corner box. Left-hand side: the coupling coefficient value (from 0 to 100 per cent) is colour-coded from white to black through yellow and red. Grayish areas are zones where we lack resolution. Dashed curves are slab isodepths which values are indicated at the northern end of the slab (km). Black dots show the locations of GPS sites. Right-hand side: model residuals relative to our data set, profiles of Fig. 3 are indicated. The convergence velocity occurring across the subduction zone is reduced from 67 mm yr −1 (2-plate model) to 56 mm yr −1 (3-plate model).
scale convergence direction implying no partitioning of the obliquity. It reduces the effective convergence taken up by the subduction down to ∼56 mm yr −1 . The introduction of a sliver plate in the model decreases the amount of coupling on the subduction interface with respect to a 2-plate model, in particular in the deepest portion of the subduction interface. The value of the average coupling calculated on the first 60 km depth is decreased by ∼30 per cent. Alternative models with different constraints on shallow locking, roughness and Andean sliver pole are presented in Supporting Information. They are used to estimate the variability of the preferred coupling distribution (see Fig. 5 ).
Pattern of interseismic coupling
Since part of the convergence motion is accommodated by the subandean thrust, the averaged amount of coupling along the whole trench decreases from 0.78 for the 2-plate model to 0.52 for the 3-plate model (see Fig. 5 ). This is why a reliable estimation of the seismic potential of this area is strongly dependent on the determination of the Andean sliver motion (Chlieh et al. 2011) .
Aside from this difference in intensity of average coupling, both models show similar along-trench coupling variations. A highly coupled zone ( > 80 per cent) is well developed from 24.5
• S to 23.3
• S, South of the Mejillones peninsula and extends down by guest on June 8, 2013
http://gji.oxfordjournals.org/ Downloaded from Figure 5 . Left-hand side: average coupling coefficient , versus latitude. is the integration from 0 to 60 km depth of the coupling distribution on the interface, using a 0.2 • sliding window in latitude. Greyish curves are for the 2-plate model, redish curves are for the 3-plate model. Solid curves depict the preferred (best-fit) model, and dashed curves depict a subset of alternative models with reasonably good nrms (<3 for 2-plate models, and <1.5 for 3-plate models). Grey and pink shaded areas depict the envelope of these alternative models and represent the uncertainty of our preferred coupling distributions. Black dotted lines mark the mean value of coupling for each case. Segments ( larger than the mean value) and intersegment zones ( lower than the mean value) are named on the right-hand side of the graph. Right-hand side: coupling distribution is colour coded and superimposed with estimates of the rupture zones of major instrumental or historical earthquakes (solid red or green dotted ellipses, respectively). Thin red ellipses: 2 m slip contours of 1995 Antofagasta earthquake (Chlieh et al. 2004) . Bold green dashed ellipse is the reduced rupture zone we propose for the 1877 earthquake based on (Kausel 1986 ). Green star: epicentre of the 1877 earthquake (Comte 1991 to almost 40 km depth. The northernmost half of the Mejillones peninsula is located above a zone where the coupling coefficient strongly decreases ( ≤ 60 per cent for all models) and reaches values as low as 40 per cent locally for the 3-plate model. This low coupled zone extends between 23.3
• S and 22.5 • S. From 22.5 • S to 20.8
• S, North of Mejillones, the coupling increases and depicts a highly coupled zone that extends down to 30 km for the 3-plate model and even 40 km in the 2-plate model near 22.5
• S. In both cases, the coupling amount is higher than 60 per cent down to 40 km depth. Then, between 20.8
• S and 20.2 • S, where our inversion is well constrained by the network geometry, coupling decreases again dramatically. Because our model resolution is good there, we are confident that a zone of intermediate coupling develops in this generally low coupled zone, beneath Iquique (see Fig. S7 ). Finally, North of Iquique, in the Arica bend (20.2
• S to 18.5 • S), coupling resumes with the shape of a shallow highly coupled zone down to 20 km depth, but poorly constrained by our data. 
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Camarones; and two narrow associated intersegments (where is low): Mejillones and Iquique. Despite our scant knowledge of historical seismicity in North Chile due to late colonization of the area and the brief span of historical data compared to seismic cycles of many centuries, this segmentation makes sense.
Seismic cycle on the coupled segments
The only known major earthquake that ruptured within the Paranal segment where the highly coupled zone is wide, is the 1995, M w 8.1 Antofagasta earthquake. This event nucleated South of the Mejillones peninsula and propagated southward up to 24.8
• S, North of the Chañaral peninsula (Fig. 2) . No coseismic slip was detected in the northernmost half of the Mejillones peninsula (Delouis et al. 1997; Chlieh et al. 2004) . Thus, the northern tip of the rupture correlates well with the decrease in coupling coefficient in the Mejillones intersegment, and the bulk of the coseismic slip is located in the deepest part of the locked zone (Fig. 5) . In the following years, several M w > 6 aftershocks occurred west of the Mejillones peninsula and deeper than the coseismic slip area associated with the main shock. According to previous studies, 40 to 200 cm of aseismic afterslip have been released in these areas (Delouis et al. 1997; Chlieh et al. 2004; Pritchard & Simons 2006) . Because only few instruments recorded the near-field motion during the earthquake and the induced aftershocks, whether the Antofagasta earthquake ruptured up to the surface and is a megathrust earthquake that released all the accumulated deformation in the Paranal segment is still unclear, but unlikely.
Since no major tsunami event occurred [only minor waves and damages were reported (Ramirez et al. 1997) ] and the bulk of the slip is located few kilometers west of the coastline, we assume that the shallowest part of the interface remained unbroken. Since resolvable coupling is high there (from 10 to 20 km depth), this would mean that the 1995 M w 8.1 Antofagasta earthquake did not release the whole elastic deformation accumulated since the last unknown megathrust earthquake that ruptured the entire segment. The southern limit for this segment remains unclear, and new measurements in the Taltal (24
• S to 25 • S) area are required to quantify the coupling and to estimate more precisely the possible magnitude of a future event.
The Loa segment extends over ∼200 km length, from the Mejillones intersegment (22.5
• S) to the Iquique intersegment (20.8
• S). The only known historical event that may have ruptured this segment is the poorly constrained 1877 M w 8.6 earthquake that produced extensive damages and a large tsunami (Kausel 1986; Lomnitz 2004 ) (probable epicentre is 21.0
• S, 70.25 Comte 1991) . This massive tsunami is coherent with our finding of shallow high coupling there, independently of the constraint imposed at the shallow nodes (see Supporting Information). Very little is known about this megathrust earthquake. However, Kausel (1986) gathered the sparse observations of the damages (collected from testimonies of inhabitants) and produced an earthquake intensity map that has been extensively used to estimate the size of the earthquake rupture zone. Kausel (1986) estimated that the bulk of the rupture extends from 19.6
• S (Pisagua) to 22.6
• S (Cobija, the only sizable settlements at this epoch) where intensity is larger than VIII. For unknown reasons, this rupture zone was extended further South and further North up to the Arica bend in several studies, spreading the idea that the 1877 earthquake ruptured the interface from Arica to Mejillones (e.g. Comte 1991; Delouis et al. 1997; Chlieh et al. 2004) . Moreover, Kausel (1986) indicates that the isointensity VIII area was extended northward up to Pisagua based on a single and questionable testimony, even though damages there did not appear to reach the intensity VIII. Thus, we consider that the rupture zone supported by solid data (tsunami and damages) is in fact limited to the area going from 20.3
• S (Iquique) to 22.6 • S (Cobija). The larger rupture zone proposed by Kausel (1986) probably seemed necessary at that time to produce a M w 8.7 earthquake because of the scaling law used then (M w = 2.log (L) + 3.73, where L is the rupture length (Abe 1975) ). The Tohoku earthquake of 2011 demonstrated that rupture zones shorter than expected can generate large magnitude earthquakes if associated to a very large amount of localized coseismic slip (e.g. Simons et al. 2011) . Therefore, we postulate that the 1877 earthquake rupture zone could be limited to the Loa segment only, that ruptured with shallow and large amount of slip. In this case, the rupture would have propagated into the Iquique intersegment and stopped before crossing it. Therefore, if we consider (i) that the 200 km long segment of the interface has been entirely locked from surface to 30-35 km depth since 1877, (ii) that no major earthquake released a significant portion of the accumulated deformation since then, and that (iii) the convergence between the Nazca Plate and the Andean sliver is 56 mm yr −1 locally; finally the rupture of the Loa segment alone can produce a M w 8.2-8.3 event if all and no more of the deformation accumulated since 1877 is released at once (M o ∼ 4 × 10 21 N m). The 2007 M w ∼ 7.6 Tocopilla earthquake ruptured the intermediate coupling zone supposedly associated with the mechanical transition zone (Delouis et al. 2009; Béjar-Pizarro et al. 2010; Peyrat et al. 2010) , and could thus have loaded the upper highly coupled zone increasing the probability that such and event occurs on the subduction in the next future.
North of the Loa segment, the coupling distribution in the Camarones segment (from 20.2
• S to 18.3 • S) is less well constrained as the trench moves away from the coast and from our network, and as we lack measurements in Peru. However, high coupling on the first 30 km depth of the interface is needed to explain the deformation pattern in this area and could be a potential source for another M w ∼ 8 subduction earthquake.
All three segments defined in this study are sufficiently coupled to produce major tsunamigenic earthquakes. Each of them has already accumulated enough deformation to produce a megathrust earthquake of magnitude >8. However, it seems that only collective failure of those segments or rupture of a single segment with slip released in excess compared to what has been accumulated over the interseismic period could presently generate an earthquake of magnitude approaching 9 in this gap.
Mechanical behaviour and tectonics of intersegments
The three segments we defined are bounded by narrow zones of low average coupling that seem to have peculiar mechanical behaviour and are correlated with local tectonic complexities.
The Mejillones intersegment, with a width of ∼80 km, covers the northern half of the Mejillones peninsula up to 22.5
• S. This is where aseismic afterslip followed the Antofagasta event (Chlieh et al. 2004; Pritchard & Simons 2006) , and where the 2007 M w 7.7 Tocopilla rupture started to propagate trenchward (Béjar-Pizarro et al. 2010; Peyrat et al. 2010) . Afterslip following the main shock and aftershocks occurred in the northern part of the peninsula (Béjar-Pizarro et al. 2010) . In 1950, a M w 7.9 intraslab tensional earthquake occurred at 100 km depth in the Salar del Carmen area (23 • S to 23.8
• S area) studied in details by Kausel & Campos (1992) who proposed that such a tensional regime in-depth implies the occurrence of slow earthquakes on the shallow part of the interface and is incompatible with steady creep there. These events underline a complex behaviour of the subduction in this intersegment area, with possible stress transfers from deep to shallow part of the downgoing slab that remain to be explored in future works. The fact that the shallow interface can either break coseismically with moderate earthquakes or creep aseismically, suggests an interfingering of velocity-strengthening and velocity-weakening patches (producing aftershocks and background seismicity, see Fig. 1 ). The velocitystrengthening patches may be sufficient to stop megathrust rupture propagation.
Whether the Mejillones low coupled area is a stable or transient feature of the subduction is unclear. This zone was found highly coupled up to 50 km depth before the Tocopilla event in 2007 by Chlieh et al. (2011) . This would mean that the intersegment was previously locked and that the Tocopilla earthquake triggered a change in the coupling coefficient there. In this case, the 1995 Antofagasta earthquake would not have been stopped by a low coupled area but rather by a highly coupled zone, which is difficult to understand. We conclude that the sparse measurements used in Chlieh et al. (2011) did not have the resolution to detect this smallscale coupling anomaly. This is confirmed by a complementary study using both cGPS and Insar measurements depicting a local decoupling in front of Mejillones (Béjar-Pizarro et al. 2013) . If the Mejillones local decoupling is a stable feature, then it could behave as a barrier to the propagation of megathrust earthquakes (Béjar-Pizarro et al. 2010) . Furthermore, in this case, the post-seismic silent slip modelled by Pritchard & Simons (2006) following the Antofagasta earthquake is likely overestimated, since the authors assumed a uniform locked zone from surface to 40 km depth to model interseismic velocities. This decoupled intersegment could result from local interaction between the complex upper plate crustal faults system of the peninsula and the subduction plane, as suggested by Armijo et al. (1990) , Contreras-Reyes et al. (2012) and Béjar-Pizarro et al. (2013) .
North of the Loa segment, the Iquique intersegment exhibits an even more complex behaviour. In this 70-km-long area where the resolution of our model is fairly good, a low coupled ( < 50 per cent) offshore patch and an intermediate coupling ( > 60 per cent) deep patch beneath the Iquique coast are imaged (Fig. 5) . Both patches have also been imaged by Chlieh et al. (2011) with an independent data set covering a different time span (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , and could thus be interpreted as stable features (at least over the past 20 yr). Several M w < 6 subduction type events were reported in the USGS catalogue in this area since 1976, possibly related to this intermediate-depth coupled patch (Fig. 1) . Moreover, one M w 7.6 subduction type earthquake ruptured the interface beneath Iquique in 1933 (Comte 1991) . One hypothesis would be that the large Iquique ridge that subducts from Iquique to Arica (21
• S to 19
• S) produces a decrease in the coupling coefficient but that several bathymetric complexities could behave as asperities able to produce M w 6 to 7 repeated subduction earthquakes. Whether a subducting seamount should produce high or low coupling coefficient is still poorly understood. To solve this ambiguity, precise tomographic and seismological studies of the area should be conducted. Furthermore, like the Mejillones intersegment where deep/shallow stress interactions were proposed by Kausel & Campos (1992) , the Iquique intersegment is located at the latitude of an intraslab event occurring at depth (Tarapacá 2005; Peyrat et al. 2006) . This singular event might be caused by unusual stress conditions at depth, potentially related to the seismic cycle and plate geometry at the shallow interface.
Finally, both intersegment zones are characterized not only by unusual seismic behaviour at depth (with intraslab events) but also by a high level of seismicity at shallow depth during interseismic phase. Thus, both regions are good candidates for transient slip events. However, so far, no clear transient phenomenon has been observed in these areas during the interseismic loading phase.
Conclusion
The North Chile gap has not ruptured since 1877, and is commonly considered as a mature seismic gap where seismic hazard is high. Our new data set allows us to invert for the interseismic coupling distribution on the slab interface with better precision and resolution than previous studies. In agreement with previous works, we find that the pattern of deformation of the upper plate can not be explained by elastic loading on the subduction interface only, and that a rigid motion of the Andean sliver is required to match field observations. This block motion, consistent with geological evidences of backarc shortening, deprives 11 ± 1 mm yr −1 of the convergence localized on the subduction zone, thus reevaluated at 56 mm yr −1 . Our preferred coupling distribution fits well both near and far field data and shows clear along-strike variations of the average coupling. We define three segments (Paranal, Loa and Camarones segments) where average coupling is higher than the mean value, and two intersegment zones (Mejillones and Iquique) where average coupling is lower. Considering the coupling coefficient as a proxy for the mechanical behaviour of the subduction interface, we find that each segment alone could produce a M w > 8 event with associated tsunami. Intersegment areas have a complex seismic behaviour with both deep intraslab and moderate magnitude subduction-type shallow earthquakes, and post-seismic creep was documented for the Mejillones intersegment. These local decreases of the degree of coupling are correlated with structural complexities either in the subducting plate (possible subduction of a seamount in the Iquique intersegment), or in the upper plate (peninsula crustal-fault system for the Mejillones intersegment). These zones may be able to stop or slow down the propagation of seismic ruptures.
The North Chile seismic gap which produced the 1877, M w 8.7 earthquake does not consist in a single segment but rather in two segments that could interact throughout various phases of the seismic cycle. They are separated by a low coupled zone in front of Iquique. Whether a large rupture coming either from the South or the North would go across this area would be a key to the understanding of the physical phenomena governing the rupture process. The 2007 Tocopilla moderate size earthquake that occurred in the deep part of the Loa segment should have increased the stress on the shallowest part of the subduction and promoted future rupture there. Should this happen soon, and should the rupture be stopped at Iquique, we find that the deformation accumulated since 1877 would account for a M w 8.1-8.3 only. However, collective failure of Loa and Camarones segments or single rupture releasing more slip than expected and accumulated since 1877 cannot be ruled out and could produce a much larger event.
South of the North Chile gap, the 1995 M w 8.1 Antofagasta earthquake did not release the entire elastic deformation accumulated in the Paranal segment and the well-developed locked zone there suggests a high potential for future major seismic rupture. However, the absence of historical records makes it an impossible task to formulate an hypothesis on the seismic cycle duration there.
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